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*nT-Lmin^ z ^ Lmax^^S-f S J; ^ iClt^^nXI^^S w 
+ 2£;£,E,exp(/A/QEz)] 



dE 1 r 



(2.1) 



(2.2) 



(2.3) 



m2] 



X. A 



'tff 



'0. ii^fips/nra/kmCO^fiX-S^ti, 0(1^^43(73 ^(75 

s^i+»LT, -en-etiPs(z), Pc(z)^jj?:*t)2,„ 

iffi!C*5(tS7"n-:/"7t<^?SSPs(0)(75itT'ft^f 5o * 
-:7'7tcO3SSPs(0)(7?tkT'Ifg-r.5„ ?st?c\-t^^ya 



(3) 



(4) 



(5) 

<o 

%^#c0^mr<01i:SC^SrtoTSB<5f (stolen and Bjork 
holm) [8]t3j;miJKM^? (Hill. Johnson, Kawasaki a 

nd MacDonald) [24] i: l^^f^ T-f K 7 7^(73 '^^j^-^Gcd 

7 7-r^<CDAItiiSlC*3(t5 7'D-7'5t<^3tSPs(0) 
ro]tT4-;tib*t5o *-t7'D-7'5tflJ#GsH7r'1'/-?0 

tilttfflt?Ziij;^$tl/i7°D-y^5t?iSPs(L)i, 7T1'^< 
WAlt*S(CiS{t ^ 7°D -7'5tO§fia[Ps (0) OttT--^X <b 

T'ifot), 7r'l'^<4"(^A#tSiS;4^e)<OgE«l*?li^<!:i-5M 

^T'S-To utm.x\^^^y 7 -( y«n>±^X'hio 

fc ft <!: , # ^ coi5fflj^?7)^ h^hfi^ {t^mmas 

tr^ Yyit(D^^^mMt]iiT(DXoi,z^^fii>, 



4vPp>-A ficD^^ 



pinhU,L) j' 



(3) 

* * [i!c5j 
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(6. 1. 1. a) 



(6.l.l.b) 



(6.1.2) 



{'r-2) 4vPp<-A ^CD*-^ 



G. = y^/>/(0)L^[^ii%i:) 



2 



(6.2. J. a) 



(6.2. l.b) 



(6.Z2) 



(d) HJKMS? 



^iS:flfi^(c<5|v>T#^ti5^?i^5 7iM(i^6 (SB^?) 

TiSlJS? (HJKMfi?) (75l^-ftlt7)5|+»^^J; 19 



★30* (ilc?] 



'sin^(A/g!L/2) 



(7.1) 



(7.2) 



|/.-/;|sA/' 

Aiti-sii'bic. Al^B#(c^i^^^ffi^}i^;tT3t7r'r 

50 ffiftf 5l®fCTiK7 7'<X-^^tS:(7)]^^SrS(t/j;v>Si/^ft 



5 

r 1 5r*^ltt -r?,|g*:3l 1 L 3 Wi/>-f=n;!i»lcffi«c(73 

[»*ili0] '^^'yy V%yr-( y<t'y>^j\^^-V' 30 
jfe 7 r ^ i ^ L fceiiSg (r /}f > 7°7t i: y □ 

i>m.^<ji^^?^^mm.o 4o 

[0 0 0 1 ] 
to 0 0 2] 

(eJf5l5<^>aiffl 3t7 7'('^<^'<0K5t^!ig^(i, yr-<y< 50 
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i^n(DE.'A(D^mwyMzf&mLx^c^. ^^^rnxwL^ 
±} . fpw#>y3t^>?^?ii-€>i^ic, mmmc (=2fp-f 

s) (DT^ h'y^ m^yt) Am±i-^^^Xh^. z 
<^m^(i3tjS i LXli3^<Dm^J:^m^m(D^W}7!)'-^-^ 

■t?>iti!f>{z3mm'ttm-£ivx\^^i>, d&m-t^m^^n 
A^Lx< ^m^&ms(Dis^±izMLxmm^m± 

&mc(Dm&^^i^^i:m±i-^ z tr^sj^xh^o 3 

its ^mm<7:)'Amxity 7 y<m$^mm7'y<f< 7. t Lx 

^[1-6], yty<y?^ hV-yi^m^^ (OPA:Optical Param 
etric Amplifier) [8-11]. ^^V^;^Effi[2] , ^S:^g*^S:3t 

(^¥t±[7]. 7t{t-§-s±(HiiK[i2]. gifi#iiim'^fflt> 

5 i6 3tM [ 1 3] s * (f lb 5 o 

[0 0 0 3] J^±ICjiti'<fcm^«. 4^>7'^;4S-owm 

i^iS-^ (TWM:Three Wave Mixing) , yi<>yytr^--0(D 
^^i-otzmmmzhh^^ff^^m^i^m-t (Four Wave 
Mixing) tW-to i:fhh<D'^iK.hWL^^mzmr><r>% 

'f-i)m:s.\'^mi-^b\''o. n-(Dwm.^(D^X'mWi^h, 

5o zcDfzisb. m:fj(Dt'hhizi,'^xii^imt^^no 

mim^^m-^ (FPM:Four Photon Mixing) iri^-e^lc 

[0 0 0 4] -^\aty7 4y<(Dm'^^^9:t^^>yyt 

Mim^^-tim-^mxhi>c ztiuBm^^sicm 

(SPMrSelf Phase Modulation) -^tBafifi^sS (X 
PM: Cross Phase Modulation) (D^^t^W^^^'^^i'^n 

Xu^?|#^2^-t-o Ctvlcii?. 3t7 7-i'^^"(7)S^5>tJ: 

c t 'b^itl&$i^T^ >-5 [i4]o 
[0 0 0 5] 5t7 7'r/<4'©FPMSr^lJffl L^x^<W'>^{C 

\'^mxii:^^<D\t^it^-iig\^x^t^-r^zb. axv^ 
&^i>z{t%y r ^ y<^\z.i6\^^XE.rK(D^m.^m^^^^t^z 

xii<DU^-tio-^t'-n7.hn^. (1) l±l5l5SI5fi'9 3Sv^ 
^:/7°3t5rA>3-r5. */b(4*{4ft$^fr'9co^^aff^tt 

t>-m'%y 7 ^ y<i:mm UT^iij^s()«^?i#jgc-r„ 
(2) 77f ''<S^fi< LT. y 7 ^ ''«r>'^xitl)^t¥U 



7 

[0 0 0 6] 77^^<^mKit-t-?>t. 7Tf/<^i(cJo 

^< (HN-DSF:High Nonlinear Dispersion Shifted Fib 
er) *Z*ffli:LT. 5 r i (C J; 7 r ^^ft 

CO 7 7 -< T'fc o T t * ^b/iPPM^ 51 ^ S w -r r t 
[0 0 0 7] ^fe^r-Y/^^S^^fki-^a^irLTtt, -t 

<Dmz.i,mm:f V >^iL (SBSrStimulated Brillou 
in Scattering) (Di^M. Myt(D^^ X ?)FPm±^^ 

xn'o. m?£T'(i±fe (2) x^ %i%mmz.^mfik^ 

<n?m^Wmi^\zMf^ X^fzyr^ ^mf^U 7.^n^-t 



loo 1 0] XTv^^K-h, ^^^Tt^S^Pp^Ltv^fitPt 

^mm'm'b. ZZXy)(>^^mS:X'(Dy7 4y<(D'<^ 

(itia6<]/£E*^ifo„ iil±0$(i, S5f:6<]{C(iStolen 30 
tBjorkholm{CX<3X4-:t<btltzTm<Di5:UM8. 9}X<0 

[0 0 1 1 ] 

(i»mL''.CV\ S/c^jgyy ^T>'»SL (SBS:Stimulat 
ed Brillouin Scattering) (DtcHbiZ, M^AZ(t^y r 40 

•So 

[0 0 12] gicir. rzt:tm^mm^y7-(y<^^\^'rz 
tLxt. t/ty7-(^<(Dm^^t'ztxhm<i-^^tt 

X. y 7 ^«D'px'9tt>'^+':;^$¥mMmKima-^^m 

t\ t/tiztoxa+j^ic^^mm^Kim^notzifxDm 

^m'O. *>5S«7ri'^<S/j5g<;^jj(ttt{iFPM$r^?a 50 
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* 'o fj:^mmi±imz^^tzMci^^mmyty 

T-^'^<ro^^*s8^-oT^T^5^^Tl/^5[l5-l7]„ ^TUgg 
(d ±3$ w 1^ 7 T -I' Sr ffl V > T gfS ^m$gg ^ 

^thtitzS:^X\ Lt)^t-^Pihtltzm 

im-^tz <o <Dnmm\^^:^i-^mmm%y 7 ^y<t. 

'0. ttih^m^-^io-txi^m^nkmm^imi-izt 

izfj:^, z(Dmz4-x.btifty7^y<t^^.tX'mmn 
ni^=kms:i-imA$ii^mm=kmii^i-^tztb(D^i'^^% 

[0 0 0 8] ^roPnlsic^UT. Wi^(txmLi-3]izi6 

V^r, Z<Dmmm(:>lty7'<^<-S:^-^tLfzm't{^A 

m^m-^A ^ ty7-(y<(D^mmMy^m\<^x 

[0 0 0 9] 
[^9] 



(I) 

(c|g4$-fr5r ir(i-e#^^j;^^o ll^{Cmiffl<^5:i!R[6, 7] 
[0 0 13]-fl!:. 7r-f'^<fi^i:'::S-C^<-f 5^ i: 

(ot^t^^^^fi-zfi^x\-xrim^fix\^^m-'ofz. mx. 

[0 0 14] 7r-<><ft^M;^fb$-fr^ce< Tfi 

/ilb7il.>a6(^-o(CiiJg?^- K^»!c (PMD: Polarizat 
ion Mode Dispersion) (Df^Mifih^^ - (^Po^H<±3tii 

mT'l-e» i:Z^©PMDi(i'>Lite)SP*^V>T-fc5c t 

{cioi,>T'bPMD*S/jN$</j;5<oiSM^Li^oCrT*!|#(;: 
g*-t-^)0(±. FPMW|g4a^&D«^ltlrBfl-f-5PMD<D^ 

^COPp^^T'fc 5c InoueIC J; 5^5?^[18] T'liFPMIr J; 5 T 

-< K7 3fe<75je^{cJol,^T. 7f^>-:f^ty^-y'it(DUit 

L, fc?)ffi<75|i;Zf^^:>-a-T-{i0 (oSt), T'T K7 5t(i 
[0 0 15] ^T. v^S^r-f ^«^AI9 PT'J}^:^7'3ti: 
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m^h,^(DX'±<rmitfj:\,\ xmiA. 5]X'it. mmic itm<f£:s>. fzfzL7 7^^<^^m<-t^tpm(t^h^ 

l2a!T't5o r(OiI35-t-5{iJt^^«ii LT±ii)t^^ 10 [0 0 16] );x±(Dm^xy(:y7^^<^xM\''<^mxm 

m (PSP:Principal State of Polarization) ^M^t yt^M-t^m^^^ (I) V^JtOSSSfCE 

i-^o z(Dmv^:>jit-^i6^xh^[i9. 20]„ AWfi^tt^ ^^x. +'^^mm^:s.im7imz-^:biifc^y7^y< 

m (ftEOig^ti^ffi) JiPSP^ii^/^{4tg,t/i-(tT fpL m'^f£<Xltf£hf£\^-Zt. JSj;t>* (II) PMDO^i)*^ 

fcofcPSPFp1(^fiJrtS(75X>^5ai|ti^T'(i(^p=*+2« A r/ /i„ ^ W^^^lg* ;t/c±T% *^T-li. ^^^KtiTi^ 

ftt-rSo i-/<c^*5> PSP^{ii:^g<^pT-«^a^^5iJ:Tai?fe ^-W^ J;^^Bg3t^^B^^s|l^^5<^;j,^ <i:V>9Pp^S{c*t 
iS3t<^^i:(iM'Jc5o f&;^T'i' h'y^<Di&t%:Xsti6 [0 0 17] 

SrMx.TAltL^ciLTt, WltiigT-Jim/^oyhM^t^^ Mi LTiliBg^^Si^fiip*-^) &.T(D^m 

lliLTffiT<5r<i:IC/^5o r(Z)Pp1M{i#JCJ[£^JgO fl^ii5i^jiS^*SxC^T-ISie$tL5[9, 24]. 

KftE^i^WA^Hm^-ttJ: ^ t LT;isi: A.p(75M;55;/^ [0 0 18] 

^<^£kl\it£^\iH'^mzt£ho ^-tVdc/jst (^p(7)M/!)"^* [^10] 

^ + iaE, = iy[^Ej( +2|£/ + 2|E,f + 2E;,E,E, exp(,A^)] 
^-.loE, = /y[(|£,f + 2Kf +2|£j')£, + EIE] exp(-/Aja.)] 



(2.a) 
(2.b) 
(2.C) 



[0 0 19] ^rT'Ettmm^*1-„ m-^Op. s, cli# ^«pt^ll^gffl^^*n2<^W3a='T{WBflSAeff^ffl^,^T^i^T 

vy%) ^^-t, a{t^y 7^ ^«DmtL^m^tz^ (Dm. 40 [0020] 

K (3) 

^10 ICjotvT A /3 fiai»^IS<^fiS:ffi^S^Tfc ★ 10 0 2 1] 

= CO + <u 



^SSfc-To CZT-cofi^l^igc^-Cfet), )lg[^fir(la)= [0 0 2 2] 

2nf<r>mm^h^, zoyv^L 50 [{Igci3] 



(7) 
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m(DX\^Xhi>. {mm^^WC^^Ui^mt-t^tSk^ ^ioTSBW (Stolen and Bjorkholm) [8]i5j:miJKM 

mn'-^it^tmiri>m-h. m^^tkmm(D^i$.^^-^ m (HilU Johnson, Kawasaki and MacDonald) [24] 

[0 0 24] %.\Q\t. mmtit\^xtii< . fcssarii m-^^fiit.T4 Yy%^^?c{L)t. yT^y«DA^i^ 

tVX^^^[l-3h Oit^W^^m^lf.f£<DX. iSa tzy^-^mmGs(t7r^y<(Dtii^i^X'&im^ntz^ 

^£Wm^i^(D7cXRunge-Kuttamf£t'im\,^Xmmi^ c2-7'3t3fi«Ps(L) 7T^^«OAS+4^(CiS(t5^n 

mLX^^i'^^^i'^hio L;i^L, (T^ 20 AMiSTJ^e^OSESI^^Iici -f^Mi^T'sVc L(4#xlT 

Ilff^7=v^v^^4^^^-;p$:^-cft^^(c< ^,^>b^o(-7'£-5o [0026] ('f) sb^? 

^rT% Vim^i'^tLXn'^>y^<D^mtim-t/t (7°n (^-i) 4 v Pp>- A ^ (D^-g^ 

-:/3t) <03tS^^;ttv«ffl|[;a5||fTT-#5„ COB#, [0 0 2 7] 



[0 0 2 5] ^1 o^m'^^£^i^<D7cm'tzWJz. T-r 

h'y^(D^±^m^m^^xs.:xT(Dm^^noo ^loic 




(6. 1.1. a) 




(6.1.l.b) 



:„=-[-A/3(A^ + 4)*'j]' 



|l/2 



8. 



(6.1.2) 



[0 0 2 8] (-r-2) 4vPp<-A i3 0*|-g- 



[ici 5] 



(8) 



13 



G,=l + y*Pf(0)Z? 



r sin(g^L) T 
L J 

. J. 



2000-347228 
14 

(6,2.1. a) 



(6.2. 1 .b) 



(6.2.2) 



[0 0 2 9] 
[0 0 3 0] 



(n) HJKM/^? 



' P,(0) \ 



* (IgCl 6] 



(7.1) 



' P,(0) ' 



oL 



(7.2 



^o^l+■^«?tff•r•i<ffi^^t.i^Tl/^5[2, 3. 6]„ 
[0 0 3 1] (n) ftffl 

■^o IS(C$B^$tLTV''5^(CStolen and BjorkholmOfi? 
W^7cfCL^cai^[l-3]T'(i. fil^T^SSUVMi (A) 7t 

(B) y7^^«D^n':^Wi.mm^^^'^-f^^ 
©3o;js*>5o 

[0032] |1]4~9 (iJ^i±(7)iaM«? t , Sfc 1 0 ^it^ 
LTSf I «J±;tf5Sr3o(;3ftS6<)?'.e^^T' 

(Dmm<D ^ hmm^ tit^Lxx'oyr^ ^<-S:r^-S:\, - 



(i*. o?k^\'fF^ti:h\,t-fu—y%mn(r)-:f7yt^himin 
iLmax. ^*^1-^^^^J;^^L. ^z^«^i^Sia^ft5/.e 

iLmax. (i> JA5~oc75*-g-T't,^aT-#5o 0 6, 7 

[0 0 3 3] (B) mn'7^m.mi$.X'^^yzr^^m^^ 9 

40 T-[8, 9], ^mmt(D:Xui'^^Ci>, Zo LXlmaxtUn 
inS: (A) Wti-^ t l^mic^^T-t 5o 
[0 0 3 4] (c) ]E«:55-tk^J«<^4i^Srl2I8, 9{OT^ 
■To El 8, 9(C(4iE^5>Sicffi«c{^i5(t5*M6<]7'<elt»^ 
^^^-fo 118. 9^I,ix(4'5^d^-5J;9(c. C(75:^^t 
. LraaxtLiiiin*9t!tT'#5o 11 8 (47'D-y^flJ>#f+^)iig 
1I9(4T-1' K7 3t?iJ#smjS«Sr:^i-„ 
[0 0 3 5] &.±(omi^x'^t}-^ X 0 nx.bh.^± 

50 muztx'FPw^mm Ltzy r ^ ^mt^mB7'^<^ mz. 



15 

ffll'^'57 7-('-'<Oft$5rLrain. ^L^Lraax. (D^m^^-ttl 
it<oyr4 y<m'^M\' V ^MSL^^izBi" 

[0 0 3 6] Sfc. SB«?tHJKMS?(±^(cai'^ifift((C/<^o 
6 $rl.ix«^;!i^5J; Of::, mb(^<SW!|#f»(±. zfu- lo 

ittbiz, 1114, 5{c.T:L/i^t|5]i:/N°7^-:?'T'^>'7° 
3t5fiS?r20dBm (lOOraW) ICH^LT, -f^—^%<DX-h 

1-c 010, 1 \\z.\t^^-fu-zf%(i:>im^wm^\z 

LNL= 1 / V Pp (0) T-^^ $ tu5 ^iiSfl^s $ -eiE^^k; l 

ito 20 
[0 0 3 7] m\0\±-:ru--:f%(D^%s.^^7Lfi-h^h%\ 
■ n L^c:/n-y3tflJ#5r;T^-t-o ('-}^:/7'5t3S«(i20. OdB 
ni(C@^) 

[0 0 3 8] Z(Dm^'0':!^i)^^Xo\Z. -«^(C(i7*o- 
TSB«?J?'HJKMS?(73t>o, r7°n-:/5feo?lJ^#-<^T-r V'y 

10 0 3 9) tA±wm^(il?bKft:}>t!ci: ^vrjtSS 

[0 0 4 0] mzXm[A-l. 10, ll]T-^ii$nTV>5 40 

T't#x5£>g:SSfc5, DSF(7)«?tff[21, 22]J:i9, 7r 

^<**SMV ^(5 t'Poole i: Wagner{;i J: '0 ^ tLfcFirs t 
orderiffM[19];iS|S "9 35:-o^^;<i3iS< /<f5 r i 
5o CW««(i±{i^t»t«i<0^tK (bandwidth of PSP' 
s) irl^tfttS:: t;6S$,5[2K 22], Poole and Wagner 
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UMm^fiimt tTOPMD;4S^aT-#-5(7)T-*3?>o 
[0 0 4 1] <iS^{*^#T-(i^^^^^^#^|^Jf^^7T'1'/<^ffl 

1/ ^(c: J; 5FPM(75?^*(75^^<l:(ift/jNl5ii-ig(t hh,^. 

[0 0 4 2] 7T'l'^<ft^Sft< , ±{i5fet^«|c0^isg*i<t 
CDPMD-^T-M^7 5 X(D^^;i5^ii5 [25] „ ~ W/c*;> 
[0 0 4 3] IIK?{c3Cfi^[22]IC^tTV>5^|ll^l^*i) 

#/iFPM(D|g45a*(;5^^^ff;ltf, yT^^<^<D^m 
[0 0 4 4] 

[wnnmmmm] a-i ^B^cDHjg^ij (^b^^J:^: 

L t o * ^1 (i^ a » Jl^ ji) 
7')ttt)tft^5i:3t-i'iKS§2(cJ:oT^iS$iv5o zcD-^ 

[0 0 4 5] [^iffifiTil 2] *3l^£F!llC*31/^-C^±, 
^t-„ ^>-7°^ail;0^e)AW$nS^^'y*(i^^f-^5i: 
7 3t5r|g4L/j:;45e>, ft^itS#tt^-«7 ^ hy-y^ifilS 



(10) !^Bi2 0 0 0- 3 4 7 2 2 8 

•7 . ,8 

!l±T#?E-t-53t6^5ttilt^n5^ca6. Tt^^/l'^S^ffl [0 0 5 0] Z(D^^X^n^mzM.i>B6^X\ 1112 

M^<y/ h V yi^i^mi^^m^X^i>, A'^23mmiXtziiLmiziLXfziB^m'^m^^^tlX±S&^ 

[0 04 6J mmms] :^mmmci6\,^xii. :^mm ti^r^ h'yyt7i\ m^:^m{ci^tz^xi^s:Lx\^^<^ 

^M^mtLtz. yeit^^±mmcm\.-i>^^^cDmm^ ^^imLtz. ui 5~i iizm^^^^i-. m 5~i 

TT^-Tc :S:tt[i2](cie$ixTv>5$D< . TtS^tSSSiiA;^ ix-it. n'^>-:^^A^h20nmmntzi^^mnk^^^fz. * 

it^mzmLxmif^mW^$tltz^m^^tii:h foSV^ tSffl.6<]/i*»)^,T^L/lllll 4 (Dm^itt^^\^lct>tz 

S^[l2](D[lE2(::fc53tft-§-S4lElSgSr«^1-5*[Hl8g f^^T-ifjf'^ LT^^S " t ;)5^75>-5o El 5 <^1t (chef's i , 

ji'i^isinTf^y^tftMX'ofj:^. Ltzi'^^xm^tLx ^zmsizt'-^ (o&mxh^o mm<Dmm^mity7 
imi.itmcxh?^, xm[i2]xiim^mmmmtL ^^<-S:Amomxh^X'b'i%hhi^ ^bx-hK\t. 2ooni 

[0 0 4 7] [^jg^j4] *mi£0i](ci3^^■r^4. *^hj m\ za^nmi A'D'i^^\-t^<r^w^m^'&-iX\^ 
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